SUMMARY Biopsy specimens of gastric and duodenal mucosa from 290 patients were examined histologically for metaplasia and Campylobacter pyloridis. Estimates of pH on samples of fasting gastric juice from 55 of the patients were performed, and mucosal biopsy specimens from 33 patients were also cultured for Cpyloridis. Active duodenitis was seen in 34 duodenal biopsy specimens. Thirty (88%) of the patients with active duodenitis had both > 5% gastric metaplasia in the duodenal specimen and Cpyloridis associated gastritis. These two factors coexisted in only 0-43% of patients with no duodenal inflammation. When Cpyloridis were seen histologically in duodenal biopsy specimens they were confined to areas of gastric metaplasia and never occurred in the absence of a polymorph infiltrate. Of the 55 patients with measurements of gastric juice pH, gastric metaplasia was present in the duodenum in 20 of 42 with a pH of < 2 5, and in 0 of 13 with a pH of >2-5. These results suggest that acid induced gastric metaplasia in the duodenum and C pyloridis associated gastritis may be synergistic in the pathogenesis of duodenitis; the metaplastic gastric epithelium allows Cpyloridis to colonise the duodenal mucosa, where it produces an acute inflammatory response.
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Traditionally, the pathophysiology of duodenal ulcer is related to excess secretion of gastric acid,' and most current medical and surgical approaches to treatment are aimed, at least in part, at reducing acid output. The correlation between duodenal ulceration and high gastric acidity, however, is incomplete, implying the existence of other pathogenic factors.2 Microscopy of mucosa bordering on duodenal ulcers usually shows active duodenitis, and the same histological appearances may be seen in symptomatic patients in the absence of an overt ulcer crater.3 This has led to the concept of duodenitis and duodenal ulceration as representing different points in a disease spectrum with a common underlying pathogenesis.3I-A consistent histological finding in duodenitis is the presence of gastric metaplasia of the duodenal epithelium,3 and this has been associated, both in man67 and in experimental animals,8 with high acidity of the duodenal contents. Most patients with duodenal ulcer have antral gastritis9 which is associated with colonisation by Campylobacter pyloridis.0 lO Accepted for publication 18 March 1987 Although these bacteria do not colonise small intestinal mucosa, they are often present on areas of gastric metaplasia in the duodenum. ' The specimens were formalin fixed, routinely pro- 
Results

BACTERIOLOGY
Colonies of campylobacters were isolated from 16 antral biopsy specimens; these were all identified as Cpyloridis by their characteristic biotyping,'6 including oxidase, catalase, and urease positivity, and nalidixic acid resistance. Of the 33 cases cultured, Cpyloridis were obtained from 16 of 21 (76%) of patients in whom Cpyloridis were identified histologically, and from none of the 12 who were histologically Cpyloridis negative. This, therefore, confirmed the specificity of the histological technique in the identification of Cpyloridis, which, in our hands, provided the more sensitive method for detection of mucosal colonisation of the upper gastrointestinal tract.
COLONISATION WITH CAMPYLOBACTER PYLORIDIS
All patients who had duodenal ulcer or HSV had histological evidence of chronic gastritis associated with Cpyloridis colonisation. Table 1 shows the gastric histology of the patients with non-ulcer dyspepsia. One hundred and forty eight cases showed chronic gastritis, and in 133 (89-8%) this was histologically associated with Cpyloridis. One hundred and six pairs of gastric biopsy specimens showed no evidence of chronic gastritis, and no mucosal bacteria were detected in any of these.
Overall, 169 of the 290 patients studied (58 3%) were histologically Cpyloridis positive. Table 2 shows the relation between the duodenal histology and the presence of Cpyloridis in the stomach for all patients. Ninety seven per cent of patients with active duodenitis were Cpyloridis positive, compared with 53-1% of patients without active duodenal inflammation. lence of gastric metaplasia in the duodenum between the patients with gastric Cpyloridis (33-5%) compared with those without (28-7%). Similarly, the presence of gastritis had no effect on the finding of gastric metaplasia in the duodenum, except that such metaplasia was not seen in patients in whom atrophic gastritis with intestinal of pyloric metaplasia was present in the body mucosa. The gastric mucosa was normal in the four cases with heterotopic gastric mucosa in the duodenum.
ACTIVE DUODENITIS
Active duodenitis was present in 34 of the total 290 duodenal biopsy specimens from all groups. This included 19 biopsy specimens from patients with nonulcer dyspepsia patients, 13 from patients with duodenal ulcer, and two from the group who had had HSV. In 30 of these cases there was both > 5% gastric metaplasia in the duodenum and gastric colonisation by Cpyloridis (fig 1) . A further four paticnts (all with non-ulcer dyspepsia) had both gastric metaplasia of > 5% and gastric campylobacter but without active duodenitis; three had chronic duodenitis, and only one had a histologically normal duodenal biopsy specimen. Thus the combination of >5% gastric metaplasia and gastritis associated with Cpyloridis occurred in 88% cases with active duodenitis and in only 043% (1 of 235) patients without duodenal inflammation.
In the Warthin-Starry or Giemsa stained sections, Cpyloridis were observed in 19 of 36 (53%) of biopsy specimens showing active duodenitis; the bacteria were only found on areas of gastric metaplasia, never occurred in the duodenum in tha absence of a polymorph infiltrate, and were seen as often in the patients with non-ulcer duodenitis as in those with duodenal ulcers. Polymorph infiltration of the epithelium occurred predominantly in areas of gastric metaplasia (fig 2) and was often closely associated with surface bacteria ( figs 3 and 4) .
In one case of active duodenitis the stomach was histologically normal and no Cpyloridis were detected. In two cases there were only small foci of gastric metaplasia in the duodenal biopsy specimen; both of these patients showed Campylobacter pepsia and the presence of gastric metaplasia. Gastric metaplasia was seen in 20 of 42 patients with a fasting pH of < 2 5 and in none of the 13 with a fasting pH of > 2-5. Gastric metaplasia affecting more than 5% of the surface was associated with a pH of < 2-0 in 10 of 11 cases. The association between the presence of any gastric metaplasia in the duodenum and low fasting gastric juice pH was highly significant (p < 0.0001).
Discussion
As a group patients with duodenal ulcer tend to have a higher gastric acid output than the general population. These patients have an increased sensitivity to gastrin2 and an increased rate of gastric emptying,' both abnormalities resulting in material of low pH entering the duodenum.2 Duodenal ulcers are prone to recur, and duodenitis may persist between periods of ulceration, suggesting "a diathesis comprising hyperchlorhydria and duodenitis proceeding to duodenal ulcer".'4 Our data suggest that the presence of Cpyloridis forms the missing link in the pathogenesis of this duodenal ulcer diathesis, acting synergistically with acid induced gastric metaplasia to cause mucosal damage in the duodenum.
Gastric metaplasia is closely associated with the presence of duodenitis, although it can occur in the Wyatt, Rathbone, Dixon, Heatley otherwise normal duodenum.'7 18 Previous workers have noted an apparent predilection of the polymorph infiltrate in active duodenitis for areas of gastric metaplasia, but were at a loss to explain this phenomenon.'8 The common occurrence of Cpyloridis specifically in these inflamed sites suggests a causal relation. The number of polymorphs infiltrating the epithelium has been shown to correlate with the density of bacterial colonisation,'9 and the observation of Cpyloridis within phagocytic vacuoles20 suggests that the bacteria can attract polymorphs.
Gastric metaplasia has been viewed as a protective adaptation in duodenal epithelium exposed to high acidity,7 and may be present without duodenal inflammation. In patients who also have gastritis associated with Cpyloridis, however, the presence of gastric metaplasia allows these bacteria to colonise the duodenum. We observed Cpyloridis in the duodenum in 53% of biopsy specimens showing active duodenitis, but this may be an underestimate due to the sampling error of a single biopsy specimen. Steer, using scanning electron microscopy, detected the bacteria on mucosa adjacent to duodenal ulcers in 73% of cases, again restricted to sites of gastric metaplasia. '2 It could be argued that our data reflect the independent association of duodenitis, gastric metaplasia, and Cpyloridis colonisation, with the common factor of type B antral gastritis. The low incidence of Cpyloridis in type A autoimmune gastritis has been reported.2' This type of gastritis, affecting predominantly the acid secreting body mucosa, is associated with hypochlorhydria, and thus duodenal gastric metaplasia is unlikely to be present in these patients. We found no instances of gastric metaplasia of > 5% in duodenal biopsy specimens from patients with intestinal or pyloric metaplasia in their gastric body biopsy specimen, a group that includes those patients with type A gastritis. Furthermore, only one patient exhibited concurrent gastric metaplasia and Campylobacter negative gastritis, so that we were unable to resolve the question of whether duodenitis was associated simply with the presence of antral inflammation, or specifically with Cpyloridis.
Gastric heterotopia was present in 1-4% of duodenal biopsy specimens; this is similar to the 0 9% prevalence reported by Shouska. ' Although it is not yet established whether Cpyloridis are causally related to duodenal ulceration, we have found that the combination of significant gastric metaplasia in the duodenum and gastritis associated with Cpyloridis identifies those patients with active duodenitis, with a sensitivity of 88% and specificity of 98%. The association is equally strong whether or not an ulcer crater was present, consistent with a common pathogenesis for duodenitis and duodenal ulceration.
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